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Abstract
A high area pre-concentrator based on microporous activated carbon with different activation conditions is presented. The adsorbing layer was 
deposited on a self-heated planar substrate using the air-brushing technique. By coupling the preconcentrator to a mass spectrometer (MS), we 
measured the benzene desorption over time, when a temperature pulse is applied to the heater. The effect of activation conditions on the 
adsorption capacity of the selected carbons is discussed. The highest adsorption capacity was exhibited by the material having the lowest 
activating agent per precursor weight ratio.
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1. Material and methodology
    One of the gases that has caught recently scientists attention is benzene. Such gas is found as contaminant in CO2 used for the 
carbonated beverages industries. And it starts to be carcinogenic at very low concentrations ranging in the ppb level [1]. Gas 
concentrators have been proposed to enhance the sensitivity of gas sensors toward this gas [2]. The key using these devices is in 
their capacity to accumulate the analyte from the ambient at room temperature and then to release the concentrated gas by a 
temperature pulse. So, it’s very important to well select the adsorbent. One of the attracting materials that have received a special 
interest for non polar organic gases adsorption is activated carbon. The possibility to adjust its microporous structure through 
activation can be a key to enhance its adsorption capacity [3]. 
We have fabricated a planar pre-concentrator based on a high area alumina substrate on which we deposited the adsorbent. Five 
materials of different activation conditions are being deposited by airbrushing and examined. The aim is to compare their 
adsorption capacity and select the suitable adsorbent for benzene vapor in carbon dioxide ambient through mass spectrometry 
characterization [4]. 
1.1. Adsorbent preparation and characterization
     The carbon precursors were obtained from Norit and Kraft lignin, S.A. They were then activated by physically mixing KOH 
granules with the precursor at different weight ratios (R) and then heated with different rates (r) (Tab 1) according to the 
procedure extensively detailed in [5]. A total of five different materials have been evaluated. The pore texture parameters 
(surface area and pore volumes) of these activated carbons were determined from the corresponding nitrogen adsorption–
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desorption isotherms obtained at 77 K with an automatic instrument (ASAP 2020, Micromeritics). All this information is 
summarized in Table 1.
Table 1. Adsorbent characteristics 
Adsorbent
Symbol
Precursor
from
Average 
grain 
size
(µm)
Activation conditions
Surface 
area
(m2/g)
Gurvitch 
volume
(cm3/g)
Micropore 
volume
(cm3/g)
Pore 
diameter
(nm)
Weight 
ratio 
KOH/
Precursor
Synthesis 
temperature 
(ºC)
Heating 
rate 
(ºC/min)
L1
Kraft 
lignina
< 10
1.1 700 5 1238 0.507 0.471 0.657
L2 6.1 700 5 1957 1.107 0.64 1.424
N5C
N5C-Norit 5
Raw 
material
- 996 0.613 0.374 0.825
N5A1 1 775 3 1267 0.748 0.472 0.885
N5A2 3 775 3 1779 1.037 0.661 1.016
1.2. Adsorbent deposition by airbrushing technique
       The resulting materials were airbrushed over the substrate using a solution prepared by dispersing the carbon in pentane (n-
Pentane, HPLC Grade, 99 %, Alfa Aesar). The deposited area was limited to 16 mm2 using a shadow mask. The airbrushing 
parameters are summarized in Table 2. Different amounts of adsorbent were deposited over the substrate by changing the volume 
of prepared solution, typically from 10 to 50 ml. In order to check the reproducibility of the method, three substrates were 
prepared under the same conditions for each case. 
The thickness of layer deposited was estimated by Environmental SEM (FEI Quanta 600) characterization and was evaluated as 
the average of thicknesses of the three deposited substrates from each volume of airbrushed solution. The layer thickness is 
evaluated for each material from ESEM characterization and is plotted versus the volume of airbrushed solution in Figure 1. As 
can be seen a linear dependence is obtained
The layers have shown a quite good homogeneity in material distribution for all the different materials. Figure 2 shows frontal 
and ESEM lateral pictures of L1, corresponding to 40 ml of airbrushed solution adjusted as shown in Table 2. 
Table 2. Airbrushing parameters
Material /parameters N5C N5A1 N5A2 L1 L2
Solution concentration
(mg of carbon/10 ml of pentane)
1.5 1.5 1 1 2
Flow (l/min) 5 6 5 5 5
Temperature (ºC) 75 80 75 75 75
Distance nozzle-substrate (cm) 4.5 3.5 4.5 4.5 4.5
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Fig. 1. Thickness of airbrushed activated carbon layers depending on volume of airbrushed solution
   
Fig. 2. ESEM pictures of L1 (a) frontal view; (b) Lateral view.          
1.3. Pre-concentrator  characterization by mass spectrometry
The pre-concentrators were housed in a Teflon chamber containing electrical contacts to heat the concentrator for thermal 
desorption and connected to a GC/MS-QP5000 (Shimadzu) where the GC column was replaced by a deactivated TR-100062 
(1x30 mx0.25 mm I.D) precolumn from TeKnokroma. A calibrated bottle with 150 ppb of benzene balanced in CO2 was used as 
reference. Benzene was adsorbed during 10 min at 100 ml/min and then desorbed and injected to the MS at 100 ml/min. The 
characterization procedure is detailed in [4]. A concentration factor is defined as the ratio of integrated peak areas for desorbed 
benzene and reference benzene to evaluate adsorption capacity. To establish the reference peak, the content of the bottle is 
injected to the MS through the concentrator chamber, where the concentrator is replaced by an alumina substrate without 
adsorbent. In order to evaluate concentration factor dispersion, each material was deposited over three substrates (and for each 
substrate, MS measurement was replicated 3 times).  
2. Experimental and Results
    The effect of activation conditions is being examined. Results are shown in Table 3. In the last column of this table, the 
concentration factor is normalized by the quantity of material in order to allow comparisons among the set of materials. 
The concentrator response corresponds to the intensity in Counts due to the mass spectrometer detection of the characteristic m/z: 
78 peak of benzene desorbed from the different tested materials.
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Table 3. Summary of average concentration factors toward benzene for the different carbonaceous adsorbing materials. 
V:Volume of airbrushed solution; W: Average weight of 3 substrates from the same airbrushed carbon; T: Average layer thickness from 3 airbrushed substrates; 
Avg (CF): Average concentration factor for 3 substrates for each material per W (mg); SD: Standard deviation corresponding to obtained concentration factor for  
3 substrates; CF/mg: Average concentration factor Avg (CF) normalized per milligram of material
Results shown in table 3 allow some discussion about activation procedure effect on the adsorption ability. The activated 
materials N5A1, N5A2 exhibited a concentration factor more than the equivalent raw one, demonstrating the effect of activation 
on the improvement of the adsorption due to the material pore opening. Nevertheless, for materials N5A1 and N5A2, when 
increasing the activating agent (KOH) precursor rate (from 1 to 3), we expect to have an increase of adsorption capacity due to 
pore opening but we observe experimentally that the normalized concentration factor is reduced. The same effect is observed 
when comparing materials L1 and L2. This behavior perhaps can be associated to an excessive pore opening which affects 
benzene adsorption. Adsorption of benzene is preferred then in narrow pores. 
3. Conclusion
    Carbonecous materials of different properties are prepared and tested as adsorbents for benzene. They are deposited over an 
alumina substrate by airbrushing, and their adsorption capacity is compared using mass spectrometry characterization. Thanks to 
activation, all the activated materials exhibited concentrations factors among the best found in the literature.
The highest adsorption capacity toward benzene was attributed to the activated carbon of lower activation conditions. This 
material will serve as an adsorbing layer for a gas pre-concentrator. 
This latter will be used in an analytical system designed for the detection of benzene in CO2 used for carbonated beverages 
industries
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Adsorbent V (ml) W (mg) T (µm) Avg (CF) SD (%) CF / mg
N5C 40 0.36 - 83.7 9.3 232
N5A1 50 0.26 33.5 250.5 12.2 963
N5A2 30 0.36 28.2 254 10.3 705
L1 40 0.3 32 332.7 15 1109
L2 40 0.3 38 228.4 9.1 761
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